We consider N = 2 supergravity theories that have the same spectrum as the R + R 2 supergravity, as predicted from the off-shell counting of degrees of freedom. These theories describe standard N = 2 supergravity coupled to one or two long massive vector multiplets. The central charge is not gauged in these models and they have a Minkowski vacuum with N = 2 unbroken supersymmetry. The gauge symmetry, being non-compact, is always broken. α-deformed inflaton potentials are obtained, in the case of a single massive vector multiplet, with α = 1/3 and 2/3. The α = 1 potential (i.e. the Starobinsky potential) is also obtained, but only at the prize of having a single massive vector and a residual unbroken gauge symmetry. The inflaton corresponds to one of the Cartan fields of the non-compact quaternionic-Kähler cosets.
Introduction
One of the attractive features of the inflaton potential of the Starobinsky model is its dual relation to a pure R + R 2 gravitational theory, where a physical scalar, the scalaron, emerges from the higher derivative theory. To understand this phenomenon in the context of supergravity, an off-shell formulation is needed, and in fact, two versions of the R + R 2 N = 1 supergravity were constructed [1, 2] . In these theories the inflaton is embedded in a massive chiral multiplet (old minimal formulation) or in a massive vector multiplet (new minimal formulation) [3, 4] . Recently, and supported by the PLANCK mission results [5, 6] , cosmological properties and diverse extensions of these approaches have been widely considered in the literature. More interestingly, the first formulation requires an additional chiral multiplet (other than the scalaron) which plays the role of the goldstino multiplet, which triggers the inflationary de Sitter phase at early times in the expansion of the Universe. The more recent results of BICEP2 [7] seem to be at odds with the PLANCK ones and to disfavor Starobinsky-like models pointing towards more general, supergravity inspired inflationary scenarios. The apparent tension between the two results is subject to considerable attention in the present literature. We shall refrain from dealing with this (still open) issue. Our analysis, although originally intended as an exploration of the N = 2 extension of the R + R 2 gravity, yields results which can be relevant also to more general future investigations of string/supergravity-inspired inflationary models. The superfield description of the R + R 2 theory in the context of N = 1 and N = 2 supergravities have been considered by Ketov and collaborators [8, 9, 10] . However, in the N = 2 case, the proposed standard supergravity dual fails to describe the scalaron multiplet and the corresponding potential for the reasons outlined in this paper. In order to embed R + R 2 gravity in an N = 2 setting, we use the correspondence between off-shell counting in Einstein supergravity and massive states in the corresponding higher-derivative theory. N = 2 supersymmetry puts much stronger restrictions on the hypothetical dual standard theory since massive multiplets can be either long or short BPS and one must give a criterion for the correct choice. The off-shell formulation of N = 2 Poincaré supergravity and the corresponding counting of states, introduces auxiliary fields, which fall in three classes. In any case the total number of off-shell degrees of freedom is 40 B + 40 F of which 24 B + 24 F are included in the Weyl multiplet and are not interesting since they give rise to a ghost spin-2 long multiplet when the W eyl 2 term is added to the Einstein one. The remaining 16 B + 16 F states correspond to the R + R 2 theory and should then be physical and dual to a standard matter-coupled N = 2 supergravity, whose matter content corresponds to the 32 states. In [11] an analysis of the (linearized) quadratic approximation of a fourth-derivative supergravity theory was performed and the spectrum, excluding the spin-2 ghost multiplet, was found to fall in two massive 8+8 long vector multiplets, then giving the remaining degrees of freedom to complete the total number of off-shell states of N = 2 Poincaré supergravity. In one of the three different off-shell formulations, the massive states feel a massive vector and two massive hypermultiplets. However such an assignment cannot correspond to R + R 2 supergravity since it requires the gauging of the central charge. From the previous arguments we are led to conclude that, using any of the other two formulations, R + R 2 supergravity, if it exists, must be dual to a standard N = 2 supergravity coupled to two long massive vector multiplets. Each multiplet then contains a spin 1, four spin 1/2 and five scalar fields, and the N = 2 analogue of the Stückelberg formulation of massive vector states should be based on a gauging of two abelian isometries of a two-dimensional quaternionic Kähler manifold [12] , which then provides the supersymmetric Higgs mechanism. This is the gravity analogue of the N = 2 Higgs effect, which was first studied by Fayet at the birth of N = 2 supersymmetry [13] . The two massive vector multiplets correspond at the linearized level to two different N = 2 higher-derivative invariants. We could consider the effective theory resulting from sending the mass of one of them to infinity. It should contain a single massive vector multiplet.
In this paper we also analyze possible cosmological potentials that follow from this scenario. Note that in this massive theory the vector multiplet should have non-vanishing mass for all vanishing values of the scalar fields, which can only occur if the corresponding isometries are non-compact. Non-compact isometries fall into two classes: hyperbolic and parabolic, in contrast to the compact elliptic U(1)-isometries [14, 15] . The different nature of these isometries will play a major role for the search of N = 2 potentials possibly describing an inflaton.
1 An important requirement, in analogy to the N = 1 case, is that the theory should have, at some finite distance point in the moduli space, an unbroken N = 2 Minkowski vacuum. A similar property of the Starobinsky potential
is that it vanishes for φ = 0. Motivated by these features, in this paper we analyze a large class of suitable N = 2 theories which have two massive abelian vector multiplets coupled to gravity. In analogy with the N = 1 theory, it is tempting to infer that the scalaron will be one of the five scalars of one of the two massive vector multiplets, while the role of the other multiplet would be to contain the two goldstinos of the N = 2 supersymmetry breaking. The two goldstinos would then be part of the spin 1/2 massive states that are the fermionic partners of the N = 2 massless vector decomposition. An important restriction comes if we require the hypermultiplet manifold to embed in a natural way the scalaron field. This restriction uniquely selects the exceptional quaternionic space G 2(2) /SU (2) 2 which, having rank 2, contains two dilaton-like scalars and six axions, one of which becomes the longitudinal 1 For recent works on inflation in the context of gauged N = 2 theory see also [16] .
mode of the vector. The outcome of this search is surprising since we find that the only commuting abelian non-compact isometries, compatible with the required existence of an N = 2 Minkowski vacuum, are of hyperbolic type. The corresponding potentials typically diverge for large values of φ instead of exhibiting a plateau. Conversely we find theories with Starobinsky-like potentials [17] 
in the one-multiplet case, with α = 1/3 and 2/3. Moreover, in the two vector-multiplet case, we find a model with α = 1 (Starobinsky potential) but where one of the two vector fields has vanishing mass, so that the theory contains a massless vector and a massless hypermultiplet. As we show in Sect. 3.2, the above α-deformed potentials can only originate, in the class of N = 2 models considered here, from the gauging of non-semisimple quaternionic isometries (to be dubbed parabolic). In the context of N = 1 supergravity this is consistent with the results of [14, 15] . Group theory then constrains the values of α to be of order one for N = 2, in apparent contrast with the results of BICEP2 which seem to require α to be, at least, of order 50.
The paper is organized as follows. In Section 2 we give the multiplets of N = 2 conformal supergravity, with the different off-shell formulations. In Section 3 we discuss the various models, both in the presence of one or two vectormultiplets + hypermultiplets. The search is effected, in the single vector multiplet + hypermultiplet case, by allowing all possible special Kähler and quaternionic manifolds that are symmetric spaces. In this case there are two possible choices of the special Kähler and quaternionic-Kähler spaces, respectively. When the former is of type CP 1 , the Starobinskylike potentials are found upon truncation to the quaternionic scalars. In fact, such truncation, as we prove on general grounds, is consistent only in the CP 1 special Kähler geometry, by virtue of the fact that for this space, the holomorphic rank-3 tensor C ijk vanishes. As far as the two vector multiplet case is concerned, we find an α = 1 potential upon gauging of only one parabolic isometry of g 2(2) .
2 Multiplets and off-shell fields for N = 2
The experience of pure gravity and pure N = 1 supergravity tells us that the off-shell fields of Poincaré gravity describe the physical fields of theories dual to (super)Poincaré with curvature square terms in the action. For pure gravity, omitting total derivatives, we write
The first term describes the massless graviton field, using the field e a µ , which has 6 off-shell degrees of freedom (dof), counting 16 components minus the 10 gauge dof of the Poincaré algebra. One can describe these also as 5 dof of a conformal frame field 2 , and a scalar compensator field, φ, whose value determines the gravitational constant κ. When adding the α-term, the theory describes also a massive physical scalar dof with m 0 −2 = 12ακ 2 , while the β-term leads to a ghost spin 2 with m 2 −2 = −2βκ 2 [18] . In the dualized theory the physical scalar field is the 'auxiliary' component φ. The massive spin 2 ghost can be identified with the conformal part of e a µ . In this way the 6 off-shell dof from the Poincaré theory describe the massive states in the action (2.1). How this is done in practice is shown in Appendix A.
The same mechanism works also for N = 1: the off-shell dof of the super-Poincaré theory can be written as a Weyl multiplet, the analogue of the conformal e µ a in the bosonic theory, and a compensating multiplet. The curvature squared terms describe a massive ghost multiplet (the analogues of the β-term) using the components of the Weyl multiplet, and a physical massive multiplet (the analogues of the α-term) built from the fields in the compensating multiplets.
We will now investigate how the auxiliary fields of N = 2 supergravity can fulfill the same role. To understand how they can fit in massive multiplets, we first repeat the content of the massive representations (without central charge) of N = 2 supersymmetry [19] .
Massive multiplets
The spin 2 ghost long multiplet contains (using USp (4) 
Field representations
Off-shell Poincaré supergravities are built from the Weyl multiplet and two compensating multiplets [20] . For the different off-shell formulations that are used to build Poincaré actions, the first compensating multiplet is always a gauge multiplet. The second one can be either a so-called non-linear multiplet (version I, [11, 21, 22] ), a hypermultiplet (version II [20] ) or a tensor multiplet (version III [23] ). We now consider the fields of these multiplets and assign them to massive states. The Weyl multiplet has the following fields, which represent the components of a massive spin 2 multiplet (2.2) field dof spin 2 spin In this and the following tables, the off-shell number of degrees of freedom (dof) are given, subtracting all the superconformal gauge dof. Then we give the massive spin representations to which the fields correspond. The off-shell gauge multiplet, which we need for the 'minimal off-shell representation' (which does not allow a Poincaré action) represents a massive spin 1 multiplet (2.3):
field dof spin 1 spin
The off-shell hypermultiplet represents 2 massive spin 1/2 multiplets (2.4):
The tensor multiplet represents a massive spin 1 multiplet (2.3):
and the same holds for the non-linear multiplet :
As a representation of massive fields, the Weyl multiplet and the gauge multiplet thus lead to the fields of massive spin 2 + spin 1 multiplets. The three 40+40 sets of auxiliary fields mentioned above give a further spin 1 massive multiplet in the first and third cases, and two spin 1/2 multiplets in the second case.
Therefore, following the scheme that we learned from the N = 0 and N = 1 theories, the off-shell field content of N = 2 Poincaré supergravity provides fields for the following states in an R + R 2 action:
4 + 4 (massless sugra) + 24 + 24 (massive spin 2 ghost) + 2(8 + 8) (2 massive physical) (2.10) The massive states correspond to the decomposition of the 40+40 off-shell dof of the superPoincaré theory in Weyl + 2 compensating multiplets. With the non-linear or the tensor multiplet compensator the last two multiplets are two spin 1 multiplets. With the hypermultiplet compensator these are a spin 1 and two spin 1/2 multiplets.
Structure of the first set of auxiliary fields
We summarize now where to find the relevant formulae for the first set of auxiliary fields, as found in [11] . In Table 1 we list the fields, their number of dof, and how they are split in the conformal setting and rearranged in the multiplets. Some fields of [11] have been rewritten in complex combinations, like
The indication (ij) S means symmetric traceless. The triplet notations follow the conventions in Appendix 20A in [24] .
Actions for N = 2
The off-shell actions for several parts have been written down in [11] . See especially equations (2.1) for Poincaré supergravity, (2.9) for a tensor multiplet, (2.12) for a vector multiplet, and (2.13) is the conformal Weyl square action. The construction there is equivalent to conformal supergravity with a compensating vector multiplet and a tensor multiplet. 3 Hence it is a massive spin 2 multiplet and 2 massive spin 1 multiplets. Thus, e.g. there are 8 massive vectors.
In [22] these fields appear in a different way. Essentially the fields that are in Table 1 in the vector multiplet, appear in a tensor multiplet, while those of the non-linear multiplet appear in a vector multiplet. The recombination of the fields of the Poincaré theory in these can be found in [22] , especially (3.6) for the Weyl multiplet, (5.8) for the vector multiplet and (6.1) for the tensor multiplet.
These are the actions for the kinetic multiplets of the conformal compensating multiplets, as we will show below.
Tensor calculus rules
Suppose Φ is chiral multiplet. We further use 'the constraint' for
If Φ satisfies the constraint, we write Φ C = 0, and we call it a vector multiplet Φ = V and V C = 0. A general chiral multiplet can be written as
where V and L are both chiral, and V satisfies the constraint V C = 0. Then L is a linear multiplet. In other words: a linear multiplet is a chiral multiplet modulo a vector multiplet. Note that iV does not satisfy the constraint. But we can write
T (V ) is thus iV modulo a vector multiplet, hence it is a linear multiplet. Now about actions. The actions are built from the real part of the highest component of a chiral multiplet, which we indicate as [chiral] C . An important property is that for two vector multiplets V and
Note however that [V V ] C = 0. In fact, using first (2.13) and then (2.14):
For V = V , this is the quadratic kinetic action of a vector multiplet.
In general we can consider this as an action built from a product of a vector and a linear multiplet, considering T (V ) as an arbitrary linear multiplet. Hence we have an action symbolically
This action formula is given in (2.5) in [23] .
There is a construction to build a vector multiplet from a linear multiplet, K(L) that in rigid supersymmetry takes the highest component of a linear multiplet, but is, due to the chiral weights, more involved in the conformal framework. For the kinetic action of a linear multiplet we use
Application for massive actions
We symbolically write
where 2 · is the Poincaré multiplet, and V 0 and L 0 are the compensating vector multiplets and linear multiplets. The Poincaré action is then built from the kinetic action of those:
The first term can be written as
To build higher derivative actions we add
It is instructive to recall the linearized bosonic components of the vector and linear multiplets V 0 and L 0 . V 0 (or rather its field-strength multiplet) has the following bosonic components
The massive multiplet generated by V 0 is the one which contains the R 2 -term.
The second massive multiplet is generated by the linear multiplet whose bosonic components are:
The linearized quadratic action given in (2.20) gives, when added to the Einstein term, therefore two massive long vector multiplets with masses M 1 and M 2 .
N = 2 gauging
We study gaugings in the N = 2 model with the following symmetric scalar manifold: To this end we gauge two commuting isometries of g 2 (2) . This requires choosing a twodimensional abelian gauge group inside G 2 (2) . In order to make the analysis independent of the initial symplectic frame, it is useful to describe the gauge algebra generators by the (redundant) symplectic notation
, see [25] . Of the six X M , only two are independent generators. We can expand X M in the g 2(2) generators t α (for which we use the conventions in Appendix B) through the embedding tensor θ M α [26, 27, 28, 25, 25 ]
The embedding tensor θ M α is subject to the locality requirement and a further condition coming from the closure of the abelian algebra:
The Lagrangian density reads (κ 2 = c = = 1):
where q u are the quaternionic scalars, z i the complex vector-multiplet scalars. The scalar potential has the general form given in [29] , which can be modified in the following symplectic invariant fashion [30, 31, 25, 32, 33, 34] :
where
is the section of the symplectic U(1)-bundle over the special Kähler manifold. In our case, k M i = 0 while the gauge Killing vectors and the corresponding momentum maps can be written in the form:
k α u and P α x , x = 1, 2, 3, being the Killing vector and the momentum map corresponding to the isometry t α . At the N = 2 bosonic background
, the Killing spinor equations:
imply, at the vacuum:
Since we refrain from gauging the central charge, we require that, for
We look for models in which the inflaton is one of the hyper-scalars. This constrains our models by the requirement that the restriction to the dilatonic scalars of the quaternionic Kähler coset be consistent. In particular it should be consistent to fix the scalars z i to fixed at their background values z i 0 . If this is the case, the potential effectively reduces to:
However fixing z i = z i 0 and leaving q u free is not always a consistent truncation. Indeed one can prove that
where we have used the properties
Clearly the non-vanishing tensor C ijk can be an obstruction to the truncability of the model to the hyperscalars, i.e. the consistency of the truncation to the hyperscalars implies a condition on the gauging. We can therefore truncate the model to the hyperscalars with no constraint on the gauge group when M SK is CP n (minimal coupling).
Since the condition V M (z i 0 ,zī 0 ) θ M α = 0 is independent of the symplectic frame, we can choose the special coordinate one with prepotential
We can also fix the special Kähler manifold isometries by choosing z i 0 = 0, so that we must choose θ 0α = θ 0 α = 0. The potential becomes:
Using the locality condition on the embedding tensor and the U(2) isotropy group of the special Kähler manifold, the components of the embedding tensor can be significantly reduced (we can for instance choose, with no loss of generality, as non-vanishing entries of
. Since however we restrict to the origin of the special Kähler manifold, we have verified that the outcome of our analysis does not depend on the initial choice of the symplectic frame and we shall therefore illustrate, for the sake of simplicity, our results in the frame where the only non-vanishing components are θ α 1 , θ 2 α . The scalar potential then reads:
The two dilatons in the quaternionic manifold are denoted by U, ϕ, the latter defines the imaginary part of the complex coordinate T = y − i e ϕ spanning a cubic T 3 -submanifold of the quaternionic one. The scalar Lagrangian density, truncated to the dilatons, reads:
By virtue of the homogeneity of the quaternionic Kähler manifold, to any N = 2 extremum q u 0 of V (q u , θ) there corresponds a gauging where the same vacuum is at the origin q u = 0. 
We can therefore look for N = 2 vacua at the origin, provided we choose X 1 , X 2 generic in g 2 (2) . The condition of N = 2 supersymmetry at the origin z i = 0, q u = 0 are therefore, in the chosen symplectic frame:
The last condition amounts to requiring the gauge generators X 1 , X 2 to be orthogonal to the su(2) R algebra of the quaternionic structure, generated by the J x . The scalar and vector squared masses are the eigenvalues of the following matrices: 
matrix, where n v = 3 is the number of vectors. This is due to the redundant symplecticcovariant notation adopted, so that half the eigenvalues of M (vec) M N are always 0, while the remaining ones, which depend on the duality frame, being the squared masses of the vector fields. We further require the gauged model to admit a truncation to the dilatons. This restricts the choice of the generators within the G 2(2) -equivalence classes. A generic element g ∈ G 2(2) can be uniquely written as the product of an element s generated by the maximal solvable Borel subalgebra of g 2 (2) and an element h in the maximal compact subgroup (Iwasawa decomposition): g = s · h. If a gauging with generators X 1 , X 2 admits a truncation to the dilatons, the gauging of the g-transformed generators g
not have the same property. We start by considering some specific gaugings, namely those with gauge generators inside the maximal sl(2, R) 0 ⊕ sl(2, R) 1 subalgebra. These will include the model with the α = 1 Starobinsky potential and one single massive vector multiplet as well as those in which two non-compact Cartan generators are gauged. The latter are the only models, as we show below, allowing for two massive vector multiplets. In what follows we shall call hyperbolic, elliptic and parabolic, g 2(2) generators whose matrix representation is diagonalizable with real eigenvalues, diagonalizable with imaginary eigenvalues and non-diagonalizable nilpotent, respectively.
Model with α = 1 potential and model with two massive vector multiplets
In the present section we construct the two models mentioned above, namely the one with the α = 1 potential and the one with two massive vector multiplets. Both can be obtained by gauging isometries in the maximal sl(2, R) 0 ⊕ sl(2, R) 1 subalgebra of g 2(2) whose generators can be chosen as follows:
Model with two massive vector multiplets: X 1 Hyperbolic, X 2 Hyperbolic. This case consists in gauging a non-compact Cartan subalgebra of g 2(2) . We start identifying:
The scalar potential can be truncated to the dilatons ϕ and U and reads:
The above potential can be truncated to any of the two dilatons. The scalar Lagrangian density, truncated to the dilatons, reads:
The vacuum is N = 2 and the scalar and vector squared masses are (not considering the Goldstones and the massless graviphoton):
The scalar ϕ acquires mass-squared Model with α = 1 potential. We take one of the two generators to be
The only generators commuting with it are G + and T + − T − . However, of the two, only the above combination is orthogonal to the su(2) R algebra thus guaranteeing an N = 2 vacuum at the origin. We then find X 2 ∝ X 1 , so that only one vector field is effectively gauged. Taking X 2 to be
we find and N = 2 vacuum at the origin and a potential, truncated to ϕ alone, of the form:
The Lagrangian density, truncated to ϕ, reads: 
A general property of G 2(2) -gaugings
Here we prove that the only gauging yielding two massive vector fields must involve two semisimple (more specifically hyperbolic) G 2(2) -generators. As a consequence of this, one cannot find a gauging yielding a Starobinsky-like potential and two massive vector fields. Indeed if t α is a semisimple generator, the dependence of the corresponding momentum map on the dilatons φ = {U, ϕ} has the following general form: To prove the initial statement we consider a gauging of two commuting G 2(2) -generators of which one is not semisimple and prove that the requirement of an N = 2 Minkowski vacuum always implies the two generators to be proportional, thus yielding only one massive vector field.
Let us consider the gauging of a non-semisimple quaternionic isometry generator, represented by a non-diagonalizable matrix. A non-diagonalizable matrix X, by Jordan decomposition, can be written as the sum two commuting matrices: a semisimple (i.e. represented by a diagonalizable matrix) X (0) and a non-vanishing nilpotent one X (N ) :
Nilpotent g 2(2) generators fall into 5 orbits under the adjoint action of G 2(2) (see for instance [38, 39, 40] ):
1. O 1 whose representative is e 6 . The little group is G = SL(2, R) R 5 and the orbit is 6-dimensional. In the 7 representation of g 2(2) , its elements are nilpotent of degree 2;
2. O 2 whose representative is e 2 . The little group is G = SL(2, R) R 3 and the orbit is 8-dimensional. In the 7 representation of g 2(2) , its elements are nilpotent of degree 2;
3. O 3 whose representative is e 2 + e 6 . The little group is G = R 4 (non-abelian) and the orbit is 10-dimensional. In the 7 representation of g 2(2) , its elements are nilpotent of degree 3;
4. O 4 whose representative is e 2 − e 6 . The little group is G = R 4 (non-abelian) and the orbit is 10-dimensional. In the 7 representation of g 2(2) , its elements are nilpotent of degree 3;
5. O 5 whose representative is e 1 + e 2 . The little group is G = R 2 (abelian) and the orbit is 12-dimensional. In the 7 representation of g 2(2) , its elements are nilpotent of degree 7;
In what follows we choose the nilpotent component X
of the first generator X 1 in each of the above orbits and choose the remaining semisimple component in the algebra of the corresponding little group. The second generator X 2 is chosen to commute with the first. Both generators are then constrained by requiring the existence of an N = 2 vacuum.
Orbit O 1
As a representative of the orbit we can choose X (N ) 1 ∝ T + = e 6 /6. The little algebra g of G is the semi-direct sum of an sl(2, R) part and an abelian R 3 :
sl(2, R) = sl(2, R) 1 ; R 5 = Span(e 1 , e 3 , e 4 , e 5 , e 6 ) .
We have verified by direct computation, using a MATHEMATICA code, that all representatives of O 1 have non-vanishing momentum maps at the origin. This is done by computing first s
· s, with s in the solvable group generated by the Borel subalgebra, and verifying that its momentum map is always non-vanishing for any s. This property clearly does not change if we further conjugate the representative by a compact transformation. To have a generator X 1 with a vanishing momentum map at the origin, we therefore need to combine X (N ) 1 with a semisimple generator X (0) 1 in g , namely in the algebra sl(2, R) 1 , and we choose X 2 so that [X 1 , X 2 ] = 0. We find that X 2 can only be a combination of X 1 . The existence of an N = 2 Minkowski vacuum further restricts this combination in both X 1 and X 2 so that
which implies the existence of a single massive vector field on the vacuum. This conclusion, in the light of the above discussion, clearly would not change had we started from a different representative X (N ) of the orbit.
A specific example of this gauging corresponds to choosing:
The model admits a consistent truncation to the dilatons and, in particular, to U alone, yielding:
This potential corresponds to the class of the α attractor models (see Subsection 3.4 below) with α = 1/3. In the resulting N = 2 vacuum at the origin, we have one massive vector multiplet with mass-squared (g
2 )/2, and one massless vector multiplet, with a massless hypermultiplet.
Orbit O 2
As a representative of the orbit we start choosing X (N ) 1 ∝ G + = e 2 . The little algebra g of G is the semi-direct sum of an sl(2, R) part and an abelian R 3 :
The semisimple component X (0) 1 of X 1 will then belong to sl(2, R) 0 . Next we choose X 2 so that [X 1 , X 2 ] = 0. We find that X 2 can only be a combination of X ∈ O 2 always requires X 1 to be a well defined combination of its semisimple and nilpotent parts. X 2 will then be proportional to the same combination. The existence of an N = 2 Minkowski vacuum therefore requires both X 1 and X 2 to be proportional
which excludes two massive vector multiplets. An example of such gauging is the one yielding a Starobinsky potential, though with only one massive vector multiplet, discussed earlier.
Orbit O 3
We take as representative X (N ) 1 ∝ e 2 + e 6 . The little algebra is g = R 4 = Span(e 2 + e 6 , e 2 − e 6 , e 4 − f 1 , e 5 ) , (3.34) which is non-abelian and e 2 + e 6 is a central charge. Since there is no semisimple generator commuting with X
1 , X
1 = 0. Moreover this orbit is incompatible with the existence of an N = 2 Minkowski vacuum. We have indeed checked that the momentum map at the origin of the transformed s −1 · X 1 · s generator under a generic transformation s in the Borel subgroup is never zero. This clearly does not change if we further transform the generator by any compact transformation. Therefore no representative of the G 2(2) -orbit of X 1 admits an N = 2 Minkowski vacuum.
Orbit O 4
We take as representative X
∝ e 2 − e 6 whose little algebra is g = R 4 = Span(e 2 + e 6 , e 2 − e 6 , e 4 + f 1 , e 5 ) , (3.35) in which e 2 −e 6 is the central charge. Just as for the previous orbit, since there is no semisimple generator commuting with X
1 = 0. This time, however, there are representatives of the orbit that are compatible with the existence of an N = 2 Minkowski vacuum (in fact there is a two-parameter family of such representatives). For each of these representatives X 1 , the most general X 2 commuting with it and preserving N = 2 supersymmetry must be proportional to X 1 itself:
We can take, for instance,
yielding, upon truncation to the dilatons, the scalar potential:
which has an extremum at the origin with N = 2 susy and a single massive vector multiplet with squared mass m 2 = 24 (g
Orbit O 5
We choose as representative X (N ) 1 = e 1 + e 2 , whose little algebra is: 39) and is abelian. Also in this case X 1 = X (N )
1 . Moreover there is a three-parameter family of representatives X 1 of O 5 that are compatible with the existence of an N = 2 Minkowski vacuum. Just as for the previous orbit, the supersymmetry condition on X 2 ∈ g restricts it to be proportional to X 1 , thus yielding a single massive vector multiplet.
Models with one vector-multiplet and one hypermultiplet
Now let us consider the case in which one massive vector multiplet (the one not containing the scalaron) has been integrated out (infinite mass limit) so that we are left with a N = 2 supergravity coupled to one (massless) vector multiplet and one (massless) hypermultiplet. We wish now to generate a massive vector multiplet on an N = 2 Minkowski vacuum through the gauging of an isometry in the quaternionic-Kähler (QK) manifold. The scalar manifold of this minimal model has the form: 40) where the special Kähler (SK) manifold can either be the cubic one of the T 3 model, or CP 1 .
In none of the four different combinations we find a consistent truncation to a single Cartan scalar yielding the Starobinsky model. However, only if M SK is CP 1 , we can consistently truncate to the hyperscalars, and find "Starobinsky-like" models. As we gauge a single isometry g of the QK manifold, the gauge generators X M will have the simple form: X M = θ M g, so that, if we denote by k u and P x the Killing vector and momentum map associated with g, respectively, we can write:
The embedding tensor, in other words, can be thought of as a single vector of "electricmagnetic" charges θ M . To rewrite the scalar potential it is useful to define "central charges", Z, Z i (in our case i has a single value) defined as follows:
The scalar potential reads:
The existence of a Minkowski N = 2 vacuum at the origin, with ungauged central charge, implies P x = 0 and V M (0) θ M = 0.
CP 1 × universal
As for M SK we choose CP 1 which allows for a truncation to the QK scalars. In this case the most general gauged Lagrangian yielding an N = 2 Minkowski vacuum, upon truncation to the QK dilaton U , reads:
44) where c i are constants related to the choice of the gauge generator. If c 1 = 8c 2 , the gauge generator is non-semisimple (i.e. parabolic) and the potential is "Starobinsky-like":
which has the same form as the potential (3.31) found in a specific G 2(2) -gauging. To compare with the literature about the α-attractors, we should reduce the above Lagrangian density to the canonical asymptotic form for φ → ∞:
The potential (3.45) corresponds then to the value α = 1/3.
CP
In this case the most general gauged Lagrangian yielding with an N = 2 Minkowski vacuum, upon truncation to the QK dilaton U , reads:
(3.47) If c 1 = −c 2 /2, the gauge generator is non-semisimple and the potential is "Starobinsky-like" and we find:
yielding an α-attractor with α = 2/3.
Conclusions
In this work we have started a systematic inspection of gauged N = 2 supergravity potentials that are suitable to describe inflationary regimes. The work was originally inspired by the Planck data which seem to favor Starobinsky-like potentials and the problem of embedding these scenarios in extended supergravities, which have more direct links to superstring theories. Extended supersymmetry on the other hand puts more stringent constraints on the field content of the model and its interactions. However, our general setup and results will have a bearing also on different (e.g. non-minimal) constructions which can be inspired by more recent results, like the BICEP2 ones, or other future cosmological observations.
The conformal dualization can be seen as follows. We start from the conformal-invariant action
where 2 C φ is the conformal d'Alembertian (see e.g. [24] ). We will explain that it is equivalent to the R + R 2 action, and that by changing the dilatational gauge, it can be written as a model with a scalar and the Starobinsky potential. In a dilatational gauge
the action (A.1) reduces to (2.1) (without the β-term). We can rewrite (A.1) using an auxiliary field χ and a Lagrange multiplier field σ as
After elimination of χ, this can be written as
Using now a dilatation gauge .5) this action reduces to
which can be canonically normalized with κφ =
κϕ . Then the action takes the form
It shows that the compensating scalar has become a massive scalar field with mass m 0 , such that m 0 −2 = 12ακ 2 .
B g 2(2) generators
Let us describe the g 2(2) generators in the Chevalley basis: h 1 , h 2 , e i , f i , i = 1, . . . , 6. The roots corresponding to the nilpotent generators e i , f i are drawn in Fig. 1 the remaining relations can be inferred from the action of the Cartan involution τ (which in the real 7 representation we work with, amounts to τ (
−f i . The parametrization of the quaternionic manifold is defined by the following coset representative:
2)
The two dilatons are ϕ, U . The former defines the imaginary part of the complex coordinate T = y − i e ϕ spanning a cubic T 3 -submanifold of the quaternionic one. The su(2) R-symmetry subalgebra generators J x read:
We also have an su(2) subalgebra commuting with the above R-symmetry one, whose generatorsJ x have the following form:
The momentum maps are given by:
where all generators are computed in the 7 of G 2(2) .
It is useful to give the inner product of the generators in the chosen basis, defined in terms of the trace. The non vanishing products are:
Tr(h 1 h 1 ) = 4 ; Tr(h 1 h 2 ) = −6 ; Tr(h 2 h 2 ) = 12 ; (B.6)
Tr(e 1 f 1 ) = 2 ; Tr(e 2 f 2 ) = Tr(e 3 f 3 ) = 6 ; Tr(e 4 f 4 ) = 24 ; Tr(e 5 f 5 ) = Tr(e 6 f 6 ) = 72 .
Below we give the Killing vectors and momentum maps restricted to the Cartan fields: where b = e ϕ .
C T 3 model
The Kähler potential and metric has the form:
where T y − i e ϕ . The symplectic, covariantly holomorphic section V M reads:
D The Universal Model
Let us write the generators of the su(2, 1) as follows:
where J x are the quaternionic structure generators, J 0 is the U (1) The corresponding scalar curvature is R = −24 = −8n(n + 2) (n = 1). The Killing vectors are:
where we have used the following complex quantities:
We give below the momentum maps restricted to the Cartan fields: The universal model manifold inside G 2(2) /[SU(2) × SU (2)]. It is useful to define the embedding SU(2, 1) U(2) ⊂ G 2(2) SU(2) × SU (2) . (D.9)
The scalars of the latter {U , χ , y, ϕ, ζ Λ ,ζ Λ } are expressed in terms of those spanning the former {U, χ, Z 1 , Z 2 } as follows: ;
where J x ± are the self-dual and anti-self-dual 4 × 4 't Hooft matrices. The Borel subalgebra is generated by {H 0 , N i } which satisfy the relations [H 0 , N i ] = N i , all other commutators being zero. The parametrization id defined by the coset representative:
The metric in the normalization Ω x uv = −K x uv reads:
The scalar curvature being R = −24.
